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Introduction
Human papillomavirus (HPV) infection is the most common viral sexually transmitted infection (STI) worldwide and high-risk (HR)-HPV genotypes are responsible for 5.2% of all cancers worldwide, 2.2% of cancers in developed countries and 7.7% of all cancers in developing countries [1] [2] [3] . In sub-Saharan Africa, cervical cancer associated with persistent cervical HR-HPV infection is the most common cancer in women in many countries, with more than 75,000 new cases and nearly 50,000 deaths registered each year [4, 5] . According to the World Health Organization (WHO), cervical cancer will kill annually more than 443,000 women around the world by 2030 and 98% of these deaths will occur in developing countries and especially in Sub-Saharan Africa where HIV epidemic and other risk-factors are aggravating the burden of this cancer [5, 6] . Thus, cervical cancer has become progressively one of the main public health challenges to overcome in sub-Saharan Africa since the recent decades [7] .
Although all HR-HPV genotypes have oncogenic potency, some of them are more frequently involved in cancers than others. These include HPV-16 and HPV-18, accounting for about 70% of all cervical cancers worldwide, and HPV-31, HPV-33, HPV-45, HPV-52, HPV-58 and HPV-68 which are among the ten most frequently isolated HR-HPV genotypes from cervical tumor biopsies [8, 9, 10] . The current 9-valent Gardasil-9 vaccine (Merck & Co. Inc., New Jersey, USA), targeting the seven primarily isolated HR-HPV genotypes from cervical cancers (HPV-16,-18, -31, -33, -45, -52 and -58) and the two primarily isolated low-risk (LR)-HPV (HPV-6 and HPV-11), has been developed according to these epidemiological data [10] . Thus, primary prevention of cervical cancer by vaccinating young girls at 10 to 14 years of age with Gardasil-9 vaccine prior sexual onset would protect them theoretically against most of the cervical HR-HPV infections [11, 12] . This primary prevention, combined with other prevention strategies (secondary and tertiary prevention) already in place in sub-Saharan Africa would overcome the high burden of cervical cancer in this continent [7, 13] .
Before implementing vaccination with Gardasil-9 vaccine in African countries, it is essential to establish the epidemiological distribution of the main circulating genotypes in the general population. Indeed, these indications are critical because they allow evaluating the preventive efficiency of vaccination against HPV with the current HPV vaccine in specific populations. A wide heterogeneity in the distribution of circulating HR-HPV genotypes exists from one country to another and also between two regions within the same country throughout the African continent [14] . Generally, the epidemiological landscape of HPV infection in Sub-Saharan Africa is mostly dominated by HR-HPV genotypes targeted by the Gardasil-9 vaccine [14] [15] [16] [17] [18] [19] [20] . Some countries in sub-Saharan Africa where a good match between prevalent HPV types and Gardasil-9 has been demonstrated are now implementing vaccination of adolescents, with support from international donors [7, 21] .
In Chad, a country of around 15 million people, including more than 3 million women aged more than 25 year-old [22, 23] , no significant progress has been realized until now in cervical cancer prevention [24, 25] . Only one pilot study assessing the feasibility of the cytologybased screening for cervical lesions in HIV-infected women has been conducted in Chad [25] . Thus, HIV-infected Chadian women were at high-risk for low and high-grade cervical lesions, suggesting indirectly a high and unsuspected burden of cervical HPV infection in Chad [25] . In addition, primary prevention by prophylactic vaccine could likely constitute one of the best options for many women in Chad, who will likely not have the luxury of diagnostic exams and care. Unfortunately, epidemiological data on the distribution of circulating HR-HPV genotypes in the general population in Chad are lacking [26, 27] . Herein, we designed and carried out a cross-sectional study to assess the prevalence and genotypes distribution of cervical HPV infection and associated risk factors in adult women living in N'Djamena, the capital city of Chad.
Material and methods

Study design
The study was a descriptive, quantitative, population-based, cross-sectional survey, using a face-to-face questionnaire to collect data in 2018 among adult women living in N'Djamena, Chad.
The laboratory protocol of this study was been deposited in protocols.io website and is available at: dx.doi.org/10.17504/protocols.io.wgefbte.
Enrolment and selection criteria
The capital city N'Djamena comprises 10 districts, which include a variable number of neighborhoods. Twenty-three sites in neighborhoods of 5 out of the 10 districts randomly selected were further chosen for study inclusion, as depicted in the Fig 1. In each inclusion site, peer educators contacted adult women in community-churches or women association networks during a one-month period and proposed that they participate in the study after an oral explanation and collective awareness sessions on the objectives of the survey, mainly focused on sensitization on cervical cancer and prevention strategies against cervical HPV acquisition. After oral consent, the selected women were invited, with paid transportation, to come to the clinic "La Renaissance Plus", N'Djamena, which is one of the main settings for women' sexual health in Chad, and to participate in the study. Adult women living in N'Djamena regularly attend the clinic "La Renaissance Plus" for gynecological examinations and for obstetrical services.
The inclusion criteria were agreeing to participate in the study, having given signed informed consent, being aged between 25-65 years, being sexually active, having no genital troubles at physical examination and having completed the questionnaire. Exclusion criteria included age less than 25 year-old and more than 65 year-old and not willing to participate to the study or to answer the face-to-face questionnaire to collect data.
After signed the informed consent form, the selected women benefited from free HIV and hepatitis B (HBV) and C (HCV) testing, by multiplex HIV/HCV/HBsAg immunochromatographic rapid test (Biosynex, Strasbourg, France) [28] , clinical services including gynecological examination, family planning counseling, STIs diagnosis, laboratory analysis where necessary and appropriate treatment for those suffering from gynecologic disorders or from genital or HIV infections. All women received an information session on HIV and STIs, and completed a face-to-face questionnaire.
At inclusion, a standardized interview was conducted at the clinic "La Renaissance Plus", by experienced counsellors using a face-to-face questionnaire to collect socio-demographic characteristics and behavioral data, including age, marital status, social occupation, education level, residence location in N'Djamena, history of STI, HIV status and also sexual behavioral characteristics such as the number of lifetime sexual partners and the age at first sexual intercourse. ; 7 th district: Ambata, Amtoukoui, Atrone, Boutalbagara, Chagoua, Dembé, Gassi, Habena, Kilwiti; 9 th district: Digagali, Gardolé, Ngueli, Tourka, Wali]. In each inclusion site, peer educators contacted adult women in community-churches or women associations during a one-month period and proposed them to be included in the study after an oral explanation and collective awareness sessions on the objectives of the survey, mainly focused on information on cervical cancer. 
Samples and processing
After completing the socio-demographic data collection questionnaire, a nurse performed cervicovaginal sampling using a flocked swab (Copan Diagnostic Inc., California, USA). Briefly, specimens for molecular testing were obtained by inserting the swab into the vaginal canal until the cervix mucosa, gently rotating 5 times and then removed and immediately placed into its container and frozen at -80˚C before DNA extraction procedure. Finally, cervicovaginal swab were transported in frozen ice packs, to the virology laboratory of the hôpital Européen Georges Pompidou, Paris, France, for molecular analyses.
HPV detection and genotyping
DNA was extracted from the cervical swab specimen using the DNeasyBlood and Tissue kit (Qiagen, Hilden, Germany) as recommended by the manufacturer. After extraction, DNA was concentrated and eluted in 100 to 200μL of the kit elution buffer before genotyping.
The detection and the genotyping of HPV were carried out using the real-time PCR assay Anyplex II HPV28 (Seegene, Seoul, South Korea), [29] . According to the HPV classification nomenclature provided by the International Agency for Research on Cancer (IARC) [30] , Anyplex II HPV28 allows to distinguish 28 HPV genotypes, including 13 high-risk types (HR-HPV -16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, and -68), 9 low-risk (LR) types (LR-HPV -6, -11, -40, -42, -43, -44,-53, -54 and -70) and then, 6 genotypes classified as probably carcinogenic (HPV-26, -61, -66, -69, -73 and -82). Briefly, 5μL of swab-extracted DNA are added into two reaction mixtures (20 μL) containing each other, one of the primers sets A and B [29] . The DNA amplification and the genotyping process are carried out in 2 reactions performed on the CFX96 real-time PCR instrument (Bio-Rad, Marnes-la-Coquette, France) [29] . The Anyplex II HPV28 genotyping test has been found to be suitable for HPV detection and genotyping in cervical secretions [29, [31] [32] [33] [34] . Data recording and interpretation were automated with Seegene viewer software (Seegene), according to the manufacturer's instructions. A swab sample was considered positive for any HPV if containing any of the 28 types targeted by the Anyplex II HPV28 detection test; positive for multiple HPV when containing at least 2 types of the 28 HPV types included in genotypic test; HR-HPV positive and multiple HR-HPV positive when containing respectively at least 1 HR-HPV type and at least 2 high-risk types belonging to the 19 high-risk types targeted by the Anyplex II HPV28 molecular test, irrespective of the presence of LR-HPV. The virology laboratory was accredited in 2013 by the Comité Français d'Accréditation (COFRAC) according to the ISO 15189 Norma for the biological markers "HPV detection" and "HPV genotyping".
Statistical analyses
Data was entered into an Excel database and analyzed using IBM SPSS Statistics 20 software (IBM, SPSS Inc, Armonk, New York, USA). Means and standard deviations (SD) were calculated for quantitative variables and proportions for categorical variables. The results were presented as a 95% confidence interval (CI) using the Wilson score bounds. P-values (P) were calculated using Pearson's χ 2 test or Fisher's exact test for categorical variables and the nonparametric Mann-Whitney U-test for quantitative variables. Logistic regression models using univariate and multivariate analyses were performed to determine the association of each independent variable [i.e., "age at inclusion", "HIV infection", "marital status", "social occupation", "education level", "number of lifetime sexual partners" and "age at first sexual intercourse"] with the HPV type-specific cervical infections (i.e., genital infection by any type of HPV, multiple types of HPV, HR-HPV and multiple HR-HPV). All variables statistically significant (P < 0.05) in univariate analysis were computed into a multivariate logistic regression analysis. Crude Odds ratio (cOR) and adjusted Odds ratio (aOR) were calculated, as appropriate along with their 95% CI. Finally, a risk factor was defined as an independent variable giving in univariate analysis a cOR (along with its 95% CI) strictly higher than "1" with a P-value lower than 0.05. An aOR (along with its 95% CI) strictly higher than "1" with a P-value lower than 0.05 defines a risk factor in multivariate analysis. A protective factor was defined as an independent variable for which the cOR (along with its 95% CI) is strictly lower than "1" with a P-value lower than 0.05 in univariate analysis. An aOR (along with its 95% CI) strictly lower than "1" with a P-value lower than 0.05 characterizes a protective factor in multivariate analysis [35] .
Ethics statement
The study was formally approved by the Scientific Committee of the Faculty of Health Sciences of the University of N'Djamena, constituting the National Ethical Committee. All included women gave their informed signed consent to participate to the study. For each included woman, the record of the consent to participate to the study was documented on each questionnaire. This consent procedure was formally approved by the Ethical Committee.
All individual results of HPV detection and genotyping were given to each study participant, and women harboring cervical HR-HPV were further referred for diagnosis of HPVrelated lesions and care at the clinic "La Renaissance Plus". Furthermore, the study results have been in extenso reported to health authorities of Chad during the national congress of gynecologists and midwives, held from the Ambata (n = 5), Amtoukoui (n = 6), Atrone (n = 9), Boutalbagara (n = 5), Chagoua (n = 7), Dembé (n = 8), Gassi (n = 9), Habena (n = 9), Kilwiti (n = 3); 9 th district (66, 25.5%): Digangali (n = 10), Gardolé (n = 7), Ngueli (n = 11), Tourka (n = 12), Walia (n = 26)]. After physical examination, 7 women were excluded because of genital troubles (vaginal discharge: 2; suspicion of STI: 2; genital bleeding: 3). Finally, a total of 253 women (mean age, 35.0 years; range, 25-65) referred to the clinic "La Renaissance Plus" were consecutively and prospectively included in the study and their socio-demographic, sexual behavior, clinical and biological characteristics are summarized in the Table 1 .
Results
Characteristics of study population
Using multiplex HIV/HCV/HBsAg rapid test, 9 study women (3.5%; 95% CI: 1. The Gardasil-9 vaccine HR-HPV type 58 was the predominant genotype (7/58; 12.1%), followed by the HR-HPV types 31, 35 and 56 and the LR-HPV types 42 and 44 with a prevalence of 10.3% (6/58). The 9-valent vaccine HR-HPV types 16, 45 and 52 and also the LR-HPV types 53 and 70 were present with a prevalence of 8.6% (5/58). These HPV genotypes were followed by the HR-HPV types 18, 51, 59 and 68, the LR-HPV types 6 and 54 and the probably oncogenic HPV types 73 and 82 with a prevalence of 6.9% (4/58). The HR-HPV-39 was present only in 3 women (5.2%) and a minority of study women were infected with LR-HPV types 40 and 43 (3.4%; 2/58) and HR-HPV-33 (1.7%; 1/58). Finally, none of the HPV positive samples was simultaneously positive for HPV-16 and HPV-18 (Fig 2) .
Cervical HPV DNA according to socio-demographic and behavioral characteristics and HIV serostatus
Concerning the distribution of cervical HPV type-specific prevalence according to age groups, there was no significant difference between each of the 4 age groups. Even so, women aged from 25 to 29 years were most infected with any HPV types and LR-HPV types than both the 3 others age groups (Fig 3A) . Likewise, women aged from 25 to 29 years and even those aged from 40 to 49 years harbored higher HR-HPV prevalence than women belonging to the age groups 30 to 39 years and those being 50 years of age and older. HPV types considered as probably carcinogenic were only present in women of 30 years of age and over (Fig 3A) . The distribution of cervical HPV type-specific prevalence according to the age of sexual intercourse onset is depicted in the Fig 3B. Women who had their first sexual intercourse between 16 to 20 years of age carried higher cervical HPV infection with any genotype (54.3%) compared to women who began their sexual onset below 16 years of age (29.8%) and women who started sexual intercourse after 20 years (15.8%), (P = 0.00006). High-risk types was similarly distributed with higher rates (36.2%) in women who started sexual intercourse between 16 to 20 years of age compared to women who had their sexual debut below 16 years (20.7%) and those who began after 20 years of age (12.1%), (P = 0.007).
The impact of HIV in HPV type-specific infection in the study was assessed. Seven out of the 9 HIV-infected women (77.8%) were positive for cervical HPV DNA and 85.7% (6/7) of these infections were caused by HR-HPV genotypes, with the predominant genotype being HPV-56 (42.8%; 3/7). Moreover, when compared to HIV-negative, HIV-positive women were significantly more infected with any type of HPV (77.8%; 95% CI: 50.6-100.0 versus 20.5%; 95% CI: 15.4-25.6; P = 0.0005), HR-HPV types (66.7%; 95% CI: 35.8-97.5 versus 13.5%; 95% CI: 9.2-17.8; P = 0.0005), multiple infections with any type of HPV (33.3%; 95% CI: 2.5-64.1 versus 4.9%; 95% CI: 2.2-7.6; P = 0.01) and multiple HR-HPV types (22.2%; 95% CI: 0.0-49.4 versus 3.7%; 95% CI: 1.3-6.1; P = 0.03) ( Table 2) . 
Predictive risk factors for cervical HPV shedding by logistic regression analyses
The associations between each one of the type-specific HPV infections with their potential predictive risk factors were assessed by logistic regression analysis, as shown in the Table 2 .
In univariate analysis, the variable "HIV infection" was significantly associated with cervical infection with any type of HPV (cOR: 13.2, 95% CI: 2.7-65.7%; P = 0.001), multiple types of HPV (cOR: 8.9, 95% CI: 2.0-39.6; P = 0.014), HR-HPV (cOR: 12.4, 95% CI: 2.9-51.7%; P = 0.001) and cervical infection with multiple HR-HPV (cOR: 8.4, 95% CI: 1.5-47.2%; P = 0.044). Likewise, the variable "being student" was statistically associated with the cervical carriage of any type of HPV (cOR: 2.2, 95% CI: 1.1-4.6%; P = 0.042) and HR-HPV (cOR: 2.4, 95% CI: 1.1-5.5%; P = 0.034). Another statistical association seems to emerge between the variables "being 50 years of age or older" and getting infected with any HPV (cOR: 0.4, 95% CI: 0.08-1.08%; P = 0.057). "Being 50 years of age or older" seems to have a slightly protective effect against cervical infection with any HPV, but the statistical power of this protective effect was canceled. The variable "HIV infection" and the three subclasses of the variable "Occupation" (being unemployed, student or employed) were computed into the final multivariate analysis. Only the variables "HIV infection" succeeded to maintain its statistical link with the HPV outcomes variables. Indeed, HIV infection was strongly associated with cervical infection with any HPV (aOR: 17.4, 95% CI: 3.2-94.9%; P = 0.001), multiple types of HPV (aOR: 8.9, 95% CI: 2.0-39.6%; P = 0.004), HR-HPV (aOR: 13.2, 95% CI: 3.1-56.6%; P < 0.001) and cervical infection with multiple different HR-HPV (aOR: 8.4, 95% CI: 1.5-47.2%; P = 0.015). Finally, the other explicative variables taken into account in this analysis, such as "age at inclusion", "marital status", "education level", "number of lifetime sexual partners" and "age at first intercourse" were found to be not significantly associated with any of the four outcomes variables characterizing cervical HPV infections in the study women.
Possible efficiencies of cervical HPV prevention by Gardasil vaccines
Finally, possible efficiencies of cervical HPV prevention in study women by the 4-and 9-valent Gardasil vaccines were further assessed. Less than 20% (12/58) of the HPV-positive cervical samples contained one of the 4 genotypes (HPV types 6, 11, 16 and 18) covered by the Gardasil-4 vaccine and less over (1.7%) contained simultaneously several of these 4-valent vaccinegenotypes. Regarding the Gardasil-9 vaccine, 50% (29/58) of HPV-positive cervical samples harbored at least 1 HPV type prevented by the 9-valent HPV vaccine, with 17.8% (5/28) of them which contained multiple HPV genotypes (Fig 2 and Table 1) . Moreover, about 70% (27/ 40) of study women with a cervical HR-HPV infection harbored at least one 9-valent vaccine high-risk genotype. When excluding the non-vaccine type, half (50%; 20/40) of cervical HR-HPV infections were exclusively due to a 9-valent-vaccine high-risk genotype.
Discussion
The present study depicts for the first time the molecular epidemiology of cervical HPV infection in adult women living in N'Djamena, the capital city of Chad. One of five (22.9%) of study women had cervical HPV, which was mostly constituted of cervical HR-HPV (68.9%), 27.6% of HPV positive women harboring multiple genotypes. In this series, HIV seropositivity (3.5%) constituted the main risk factor significantly associated with an increasing risk of being infected by cervical HPV. The majority (�70%) of women infected by cervical HR-HPV showed high-risk genotypes covered by the 9-valent Gardasil-9 vaccine, with the HR-HPV-58 being the predominant genotype, followed by HPV-31, HPV-16, HPV-45, HPV-52 and HPV-18. Remarkably, most of these high-risk genotypes (HPV-58, HPV-31, HPV-45 and HPV-52) were not covered by the Gardasil-4 vaccine. Taken together, these observations highlight the unsuspected high burden of cervical HR-HPV infection in women more than 25 years living in Chad, with a high rate of preventable Gardasil-9 vaccine genotypes. These molecular findings demonstrate that cervical HR-HPV infection and associated risk for cervical cancer involve a large proportion of adult women living in Chad. According to our findings, with the hypothesis of a rate of genital shedding of HR-HPV at 15.8%, it may be estimated that at least 460,000 Chadian women aged more than 25 years thorough the country may be at risk for cervical cancer during their life. Finally, an a priori good predictive efficacy of the prophylactic Gardasil-9 vaccine could be envisioned for the primary prevention of cervical HPV infection in Chad. Thus, since HPV DNA molecular screening in Chad remains currently opportunistic or unavailable for many women, prophylactic HPV vaccination using a multivalent vaccine may help in achieving cervical cancer elimination.
In this large series of never screened adult women attending the obstetrics and gynecology clinic "La Renaissance Plus" of N'Djamena, we observed a high frequency (68.9%) of cervical HR-HPV genotypes in HPV DNA positive women. Such high prevalence of HR-HPV appears notably higher as compared to those commonly reported in unscreened African women aged from 25 years of age and older, with cervical HR-HPV infection rates never exceeding half of the HPV-positive women. Indeed, cervical HR-HPV prevalences in adult women in sub-Saharan Africa vary frequently across regions of the same country and also from one country to another, and vary between 5.4% in Djibouti [36] , 10.0% and 36.5% in Nigeria [17, 37] [46] and finally 46.2% in Swaziland [47] . However, other studies conducted in other adult women living in sub-Saharan Africa reported high prevalences of cervical HR-HPV infection similar to that reported in the present series with HR-HPV prevalence, ranging from 60.4% in Nigeria [15] , to 67.9% and 68.5% in South Africa [20, 48] . Only studies conducted in younger, but sexual active African women less than 25 years reported higher HR-HPV prevalences (70.0% to 84.0%) [18, [49] [50] [51] than that observed in our study. Different prevalences of cervical HPV in asymptomatic African women between studies, despite the fact that these studies were been conducted on the same continent and on quite similar populations, may be due to several factors, including firstly genital sampling methods, HPV molecular testing tools and behavioral and socio-demographic factors. On the other hand, the age could also constitute a major factor explaining the differences in HPV prevalences between studies, since the highest prevalence of HPV infection is found in the adolescence and early adulthood, soon after the sexual onset and then decline over time [7, 52] .
Concerning HPV genotype distribution, women carrying HR-HPV infection showed remarkable high rates (�70%) of high-risk types targeted by the Gardasil-9 vaccine, with HPV-58 being the most represented genotype. Moreover, five other high-risk types included in the 9-valent vaccine (HPV-31, HPV-16, HPV-45, HPV-52 and HPV-18 in decreasing order) belonged to the four most detected genotypes; HPV-16 and HPV-18 being respectively the third and the fourth most represented. In the other hand, two high-risk types were not covered by the Gardasil-9 vaccine, HPV-35 and HPV-56.
Most previous studies conducted in sub-Saharan African countries depict a wide heterogeneity in the distribution of the main HR-HPV in women [14-20, 36, 38-48] . The predominance of cervical HR-HPV-58 genotype in Chadian women who never undergone cervical screening was never reported in other series from sub-Saharan Africa, and may constitute a particularity of the molecular epidemiology of HR-HPV in women living in Chad. Our observations furthermore demonstrate the preponderance of cervical HR-HPV targeted by the Gardasil-9 vaccine in asymptomatic women living in Chad, as commonly observed in women with normal cytology and those with high-grade intraepithelial lesions in other sub-Saharan African countries [14] . These indications are of paramount importance because they allow evaluating the predictive efficiency of vaccination against HPV with the Gardasil-9 vaccine in young Chadian girls. Indeed, our observations suggest that a large majority (�70%) of these HR-HPV infections could have been, a priori, prevented using the Gardasil-9 vaccine. In the context of the important population of females living in Chad, estimated in 2018 at around 7,600,000 [22] , our epidemiological observations represent a powerful argument in favor of the introduction of the Gardasil-9 vaccine in the national immunization program in order to strengthen cervical cancer prevention.
In the present series, two main groups characterized by their risk factors for HPV infection were identified. Firstly, HIV-infected women were found to be 17-times more at risk for cervical infection with any type of HPV and more than 8-times for multiple types of HPV than HIV-negative women. Regarding cervical HR-HPV infection, HIV-infected women were 13-times more at risk than HIV-negative women and more than 8-times for infection with multiple high-risk types. These findings are consistent with previous reports demonstrating the aggravating effect of HIV in the burden of HR-HPV infection in women and particularly in the African settings [53] [54] [55] . Secondly, the student women, being mostly 25 to 29 year-old, were more than 2 times more at-risk for both cervical infection with any type of HPV and HR-HPV infection than women involved in other social occupations. However, this risk seems to fade in multivariate analysis. In our study, we did not find by multivariate analysis any association between any HPV and more specifically HR-HPV genital carriage and young age, although age less than 30 years was previously reported as a risk factor frequently associated with cervical HR-HPV infection in African women [15, 42, 50] . The possibility exists that our study may have lacked of power due to too small sample size of young women group to evidence such association. Other factors such as genital toilet or hygiene practice during menses which modify the cervicovaginal ecology [56, 57] , or the higher economic status of student women which constitutes per se a multiple risk behavior [58] , could be also envisioned.
Our observations highlight that women living in Chad constitute a neglected high risk group for cervical HR-HPV infection and consequently for cervical cancer. These findings constitute the first report ever provided on the epidemiological burden of HPV infection in Chad. The very high prevalence of cervical HR-HPV in adult women clearly demonstrates that cervical HR-HPV infection in Chad constitutes a major public health problem which remains largely unsuspected. Therefore, there is an urgent need for implementing a cervical cancer prevention program in Chad, as recommended by the WHO [59] . According to Mortier and colleagues, the cytology-based cervical cancer screening in women in Chad is feasible with low cost and easy to interpret visual technics; and could be integrated in existing healthcare structures [25] . Indeed, for these women carrying cervical HR-HPV infection, only secondary prevention with regular screening for precancerous lesions by cytology and the monitoring of the viral persistence by HPV molecular testing, remains the only alternative to prevent the disease progression into invasive cervical cancer. However, in the context of Chad, a very low-income country, there is a serious lack of pathologist specialist thereby making conventional cytology not suitable and reinforcing on the other hand the great necessity to implement HPV DNA testing with molecular technologies, including point-of-care analyzers [7] . Indeed, HPV DNA testing is an excellent alternative to cytology for cervical cancer screening, because it is higher sensitive, more reproducible and easy to interpret than cytology [7] . Moreover, the rapid turnaround time of HPV DNA testing system could promote the "see and treat" approach recommended by the WHO [59] , thus allowing to maximize all the medical support in a single visit and avoiding the loss of women positive for HR-HPV. Furthermore, taking into account that most adult Chadian women are living in remote rural areas, far away from adequate healthcare structure, self-collection cervical specimen carried out at home by women themselves could also represent a relevant alternative allowing to increase the coverage of screening when coupled with low-cost HPV DNA testing technologies [7] . This model of multicomponent prevention strategy that could also integrate existing HIV healthcare structures is critical to better target adult women living in Chad at risk for cervical HR-HPV infection and related diseases. However, without medical insurance, as it is the case for most women in Chad, secondary prevention based on HPV DNA molecular diagnostic tests is still beyond the reach of most Chadian women. Consequently, along with the secondary prevention strategy adapted to Chadian adult women, around 600,000 adolescents girls aged from 10 to 14 year-old in Chad [22, 23] , could benefit from a national immunization program with the current prophylactic Gardasil-9 vaccine prior their sexual life onset [7] .
We tried to limit the selection bias of the study population in order to make this survey as much representative as possible of the female population in Chad. Thus, the study inclusions were initially carried out by random sampling of districts in N'Djamena, with further selection of neighborhoods inclusions site. Study women were referred to the clinic "La Renaissance Plus" of N'Djamena, although they were not part of the patients from the clinic, avoiding the obvious bias of recruitment by health care facilities. Furthermore, 9 (3.5%), 19 (7.5%) and 8 (3.2%) study participants were HIV-, HBsAg-and HCV-specific antibody-positive, respectively, in accordance with the high endemicity of these three major chronic viral infections in Chad [60, 61] . Indeed, Chad is a country of generalized HIV epidemic with the adult prevalence rate at 3.5% in N'Djamena [60] , as observed in our series. Chad is also a country of high HBV and HCV infections prevalences in adults, and in our study the prevalences of these viral infections were of the same order as those previously reported in N'Djamena in 2014 by Bessimbaye and colleagues [61] . Consequently, the rates of these three epidemiological infectious markers observed in our series tend to reflect the general epidemiology in Chad, thereby making our study sample close to the general population in Chad. However, our study has some limitations. First, the representativeness of the included study population is not completely ensured for the other districts of N'Djamena which were not selected. Such inclusion bias could be extended in other cities and rural remote territories of Chad, where no women could be included. Second, the small sample size of our study population may have introduced a bias, although more than 250 women were enrolled. Third, participants were included on a voluntary basis. This latter approach may be a source of recruitment bias. Furthermore, by using a face-to-face questionnaire, the validity of the answers to the questions was collected from participants, including items related to the intimacy of their sexual life. In Chad, a high number of women are unable to read and write properly, rendering a self-administered questionnaire was not relevant for this reason; however, it has been documented that questions about personal privacy are best collected anonymously by means of a self-administered questionnaire [62] . In addition, the recruitment based on community-churches, and associative networks may have introduced a selection bias. Moreover, the study women said that they agreed to participate in the study because they considered that confidentiality was guaranteed at the clinic "La Renaissance Plus " of N'Djamena, which is considered by the public as the benchmark of good practice in the area of obstetrics and gynecology. Finally, in regard of our small sample size some risk factors may have been underestimated in the statistical analyses. Despite these possible limitations, our study constitutes the first report providing objective information on molecular epidemiology of cervical HPV in symptom-free adult women living in N'Djamena, and thus enables us to show all the interest of the prophylactic vaccination by the Gardasil-9 vaccine in eligible young adolescent women, that could be very possibly generalized to the whole country.
In conclusion, an unsuspected high prevalence of cervical HR-HPV infection, worsened by HIV, was observed in women more than 25 years living in N'Djamena, Chad. The study women recruitment according to a population-based approach allows to extrapolate our observations to the general female population, and to make the hypothesis that the burden of HR-HPV shedding may be particularly high in Chadian women, and consequently, the risk of further development of HPV-associated cervical precancerous and neoplastic lesions. In addition, the HPV genotypes distribution in genital secretions of study women indicates the probable existence of a particular molecular epidemiology of HPV in Chad, with rare genotypes being predominant such as HPV-58. Finally, our results demonstrate that the majority of cervical HR-HPV corresponds to preventable Gardasil-9 vaccine genotypes, making the rationale of introducing primary prevention against cervical cancer in young female adolescents living in Chad by prophylactic vaccination. Taken together, our findings point for the first time the unsuspected high exposure of Chadian women to oncogenic HR-HPV, making thus cervical cancer, its diagnosis and prevention, some of the most important public health challenges that Chad will faced in a near future. 
